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GLASS FIBER REINFORCED ABS
COMPOSITIONS WITH IMPROVED
STIFFNESS AND TOUGHNESS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage application (under 35
U.S.C. §371) of PCT/EP2008/053393, filed Mar. 20, 2008,

which claims benefit of European application 07105162.7
filed Mar. 29, 2007.

FIELD OF THE INVENTION

This mvention relates to glass fiber remnforced acryloni-
trile-butadiene-styrene compositions with improved stifiness
and toughness.

BACKGROUND OF THE INVENTION

Thermoplastic molding compositions based on acryloni-
trile-butadiene-styrene (ABS) and a process for preparation
of thermoplastic ABS molding compositions are known for
years. This invention relates to special glass fiber reinforced
acrylonitrile-butadiene-styrene compositions, moldings,
foils, and coatings, which can be produced from thermoplas-
tic molding compositions and glass fibers, and also to their
use.

It has been known for decades that thermoplastic molding
compositions can be prepared by modilying styrene-acry-
lonitrile copolymers via incorporation of rubbers. By way of
example, this 1s achieved via grait copolymerization of sty-
rene and acrylonitrile in the presence of a rubber, and also via
subsequent blending of this graft copolymer with a separately
prepared copolymer matrix which can, for example, be com-
posed of a styrene-acrylonitrile copolymer or of a methylsty-
rene-acrylonitrile copolymer.

EP-A 0022 200 discloses that thermoplastic molding com-
positions can be prepared which comprise a copolymer
matrix composed of styrene and acrylonitrile, and also com-
prise a grait copolymer composed of a rubber latex, styrene,
and acrylonitrile. Here, a polybutadiene latex 1s first prepared
via Iree-radical polymerization using potassium peroxodis-
ulfate as initiator. This rubber latex 1s then subjected to
agglomeration, which serves to enlarge the rubber particles.
This agglomeration can, for example, take place via areaction
of the rubber latex with an emulsion of a copolymer com-
posed of ethyl acrylate and methacrylamide. The graft rubber
1s then prepared via reaction of the agglomerated rubber latex
with styrene and acrylonitrile, using an initiator.

Glass fiber (GF) reinforced thermoplastic mixtures are also
known for decades. They typically lead to an increase in
rigidity and strength of the matenal, whereas elasticity and
particularly impact strength are often significantly reduced.
To achieve effective reinforcement together with a minimal

loss of toughness, firm adhesion or coupling must exist
between the polymer matrix and the glass fibers.

JP 56/095933 describes GF remforced thermoplastic
molding compositions containing GF-containing pellets and
a GF free styrene-acrylonitrile matrix in the presence of a
soluble, uncrosslinked acid containing rubber. In the process
of preparation, which 1s difficult to control, the glass fibers are
however not firmly coupled to the thermoplastic matrix.

In DE-A 33 24 909 the use of an epoxy group containing,
copolymer of styrene, acrylonitrile and/or methyl-methacry-
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late within an ABS molding composition 1s disclosed. Epoxy
group containing copolymers however are difficult to produce
in a large scale.

DE-A 34 36 602 describes GF-reinforced thermoplastic
resin compounds consisting of a polymer A of styrene, acry-
lonitrile and methacrylates, a polymer B of styrene, acryloni-
trile and maleic imides, and of polymer C containing styrene,
acrylonitrile and a grait rubber D. The physical properties of
the polymer mixtures show that the coupling of the glass
fibers with the copolymers are inadequate.

In U.S. Pat. No. 5,039,719 the use of either maleic anhy-
dride containing copolymers or thermoplastic polyurethanes
having 1socyanate groups 1s proposed for the use of improved
coupling of glass fibers to an ABS copolymer. However, by
utilizing this method, the melt flow of the resulting ABS 1s
reduced and thus the polymer product 1s less suitable for
injection molding.

EP-A 03 03 919 describes a glass fiber containing molding,
compositions of A a co-polymer of styrene and acrylnaitril and
B a special terpolymer of styrene, acrylonitrile and tert.-butyl
(meth)acrylate, which may additionally contain a graft rubber
D. The crucial monomer 1s tert.-butyl(meth)acrylate which
decomposes at compounding temperatures above about 200°
C. ito (meth)acrylic acid monomer units and 1sobutene.

The formation of the gaseous and flammable 1sobutene
during production however 1s not desirable for scaling up into
an industrialized process.

U.S. Pat. No. 6,211,269 describes the utilisation of specific
organic tin components to enhance the coupling reaction with
GF 1n an ABS moulding composition. However, tin compo-
nents are toxicologically adverse, especially 1n applications
like articles for food contact, toys, cosmetic housings or
medical devices.

Thus, there 1s the technical need to have an ABS moulding
composition with improved reinforcement between the glass
fibers and the copolymer, without having a negative effect on
other properties such as the melt flow.

BRIEF SUMMARY OF THE INVENTION

According to the present invention 1t was surprisingly
found that by reducing the content of vinyl cyanide monomer
component(s) i the copolymer with vinylaromatic mono-
mer(s)—the SAN matrix of the ABS composition—to an
amount ol 24-30% by weight, preferentially 24-28%, 1t 1s
possible to improve the mechanical properties as well as the
optical appearance of the resulting GF-reinforced ABS.

Therefore, the present invention relates to a thermoplastic
moulding composition comprising the following components
(1indicated with the respective weight-percentages):

1.1 3-95% of a copolymer A consisting of:

1.1.1 70-76% of vinylaromatic monomer(s) Al

1.1.2 24-30% of vinyl cyanide monomer component(s)
A2

1.1.3 0-50% of one or more unsaturated copolymeriz-
able monomers A3,

1.2 0-60% of a graft rubber B consisting of:

1.2.1 10-95% of a grait rubber core comprising B1
1.2.1.1 80-100% of rubber type monomers, such as
butadiene, 1soprene, butyl acrylate, and silicone
Bl11
1.2.1.2 0-20% of double unsaturated monomers such
as divinylbenzene, allyl(meth)acrylate, and multi
functional silicone B12
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1.2.2 5-90% of a graft shell B2 comprising:
1.2.2.1 75-85% of vinylaromatic monomer(s) B21
1.2.2.2 15-25% of vinyl cyanide monomer compo-
nent(s) B22
1.2.2.3 0-50% of one or more unsaturated copolymer-
1zable monomers B23,

1.3 5-50% of glass fiber C.

In a preferred embodiment of the invention, a thermoplas-
tic composition 1s prepared comprising (or preferably con-
sisting of) the following components:

1.1 3-95% of a copolymer A consisting of:

1.1.1 72-76% of vinylaromatic monomer(s) Al

1.1.2 24-28% of vinyl cyanide monomer component(s)
A2

1.1.3 0-50% of one or more unsaturated copolymeriz-
able monomers A3,

1.2 0-60% of a graft rubber B consisting of:

1.2.1 10-95% of a grait rubber core B1 containing
1.2.1.1 80-100% of monomers {from the group of
butadiene, 1soprene, butyl acrylate and silicone
Bl1l

1.2.1.2 0-20% of monomers from the group of divi-
nylbenzene, allyl(meth)acrylate and multi func-

tional silicone B12
1.2.2 5-90% of a grait shell B2 containing

1.2.2.1 75-85% of vinylaromatic monomer(s) B21

1.2.2.2 15-25% of vinyl cyanide monomer compo-
nent(s) B22

1.2.2.3 0-50% of one or more unsaturated copolymer-

1zable monomers B23
1.3 5-50%, preferably 10-40%, of glass fiber C.
In a further embodiment of the mvention, a thermoplastic

composition 1s prepared contaimng the components A, B and
C (or the components A and C) and as additional components:
D:0.01-10, preterably 0.05-5, more preferably 0.1-2% of a
copolymer containing;
D1: 50-95% of vinylaromatic monomer(s),
D2: 4-50% of vinyl cyanide monomer component(s),

and
D3: 1-30% of an unsaturated dicarboxylic acid anhy-

dride, and/or

E: 0-10% of a low molecular weight di-, tri- or tetra-

carboxyclic acid anhydnde.

In a further embodiment of the mvention, a thermoplastic
composition 1s prepared containing as an additional compo-
nent:

D:0.01-10, preterably 0.05-35, more preferably 0.1-2% of a

copolymer containing:;
D1: 70-100% of alkylmethacrylate monomer(s),
D2: 0-20% of alkylacrylate monomer(s) and
D3: 0-10% of another copolymerizable monomer.

The invention also relates to a thermoplastic composition
as described, containing as glass fiber component C glass
fibers having a diameter of 10 to 25 micrometer and/or a
length 01 0.1 to 15 mm.

In a further embodiment of the invention, a thermoplastic
composition 1s prepared containing as an additional func-
tional component E at least one low molecular compound
containing an epoxy-group or a maleic-anhydride or maleic
imide-function.

In a further embodiment of the mvention, a thermoplastic
composition 1s prepared which comprises, as further compo-
nents K, one or more components selected from the group of
the dispersing agents (DA), butler substances (BS), molecu-

lar weight regulators (MR), fillers (F), and additives (D).
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The 1nvention also relates to a thermoplastic composition,
wherein the grait rubber B has from 20 to 80% by weight of
rubber content.

In a further embodiment of the mvention, a thermoplastic
composition 1s prepared containing as an additional compo-
nent F at least one polymer from the group comprising poly-
carbonates, PMMA, polyesters, polyamides, polyolefins and
thermoplastic polyurethanes.

A further aspect of the invention relates to a process for the
preparation of a thermoplastic composition as described,
which comprises preparing the copolymer A via bulk poly-
merization or solution polymerization, preparing the graft
rubber component B via emulsion polymerization, and then
mixing the thermoplastic copolymer A and eventually the
graft copolymer B with the glass fiber component C. If appro-
priate, the further components and/or the further thermoplas-
tic polymers can be added.

A turther embodiment of the invention relates to the use of
a thermoplastic composition as described for the preparation
of mouldings.

PR

1]
=T

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The mvention also relates to various moldings, produced
from a thermoplastic composition according to description
above.

As 1n the prior art 1t 1s generally thought that compatibility
between glass fibers and matrix increases—and as result an
increase 1n mechanical properties can be found—when the
polarity of SAN matrix 1s high, the teaching of the present
invention to reduce the vinyl cyanide percentage 1n the poly-
mer matrix 1s surprising.

-

T'he component A according to the invention:

r

I'he thermoplastic resin that forms the copolymer A of the
claimed GF-reinforced ABS composition 1s a copolymer.
One component of this copolymer A 1s one or more vinylaro-

matic monomers from the group comprising styrene, alpha-
methylstytyrene and paramethylstyrene. The preferred
monomer 1s styrene.

The other component of copolymer A 1s one or more mono-
mers from the group of vinyl cyanide monomers, such as
acrylonitrile or (meth)acrylonitrile. Preferred monomer 1s
however acrylonitrile. The copolymer A may furthermore
contain one or more copolymerizable monomers, for example
from the group comprising methyl(meth)acrylate, ethyl
(meth)acrylate, propyl(meth)acrylate, butyl(meth)acrylate,
N-phenylmaleic imide, maleic anhydride.

The copolymer A normally contains vinylaromatic com-
ponents 1n an amount of 70-76% by weight, preferentially
72-26% by weight. The content of the vinyl cyanide monomer
component 1s normally 24-30% by weight, preferably
24-28% by weight.

Component A might be produced by all known method, for
example bulk polymerization, solution polymerization, sus-
pension polymerization and emulsion polymerization or
mixed process, €.g. mass/suspension polymerizations, with
or without further components. The copolymer matrix A 1s
preferably prepared from the components acrylonitrile and
styrene and/or a.-methylstyrene via bulk polymerization or in
the presence of one or more solvents. Preference 1s given here
to copolymers A whose molar masses M are from 50 000 to
300 000 g/mol, the molar masses being capable of determi-

nation by way of example via light scattering 1n tetrahydro-
turan (GPC with UV detection).
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The copolymer matrix A can 1n particular comprise:

(Aa) polystyrene-acrylonitrile, prepared from, based on
(Aa), from 70 to 76% by weight of styrene and from 24 to
30% by weight of acrylonitrile, or

(Ab) poly-a-methylstyrene-acrylonitrile, prepared from,
based on (Ab), from 70 to 76% by weight of a.-methylstyrene
and from 24 to 30% by weight of acrylonitrile, or

(Ac)a mixture of copolymer matrix (Aa) and of copolymer
matrix (Ab).

The copolymer matrix A can also be obtained via copoly-
merization ol acrylonitrile, styrene, and a-methylstyrene.
The number-average molar mass (M, ) of the copolymer
matrix A preferably amounts to from 15 000 to 100 000 g/mol
(determined by means of GPC with UV detection). The vis-
cosity (Vz) of the copolymeric matrix A amounts by way of
example to from 50 to 120 ml/g (measured to DIN 33726 at
25° C. 1 a 0.5% strength by weight solution in DMF). The
copolymer matrix A can be prepared via bulk polymerization
or solution polymerization 1n, for example, toluene or ethyl-
benzene, by a process as described by way of example in
Kunststoff-Handbuch  [Plastics Handbook], Vieweg-
Daumiller, volume V, (Polystyrol) [Polystyrene], Carl-
Hanser-Verlag, Munich 1969, pages 122 et seq.

The component B according to the invention:

The grait copolymer component B may be polymerized by
emulsion, solution or suspension polymerization on the rub-
ber graft base B1. Emulsion polymerization 1s however pre-
terred. The average particle diameter may vary from 50 nm to
10.000 nm, preferred 80 nm to 3.000 nm, more preferred from
100 nm to 2000 nm.

Typically, the base rubber consists of a crosslinked poly-
mer with glass transition temperature below 0° C., preferred
below -20° C., more preferred below —40° C., 1n a preferred
embodiment, the grait rubber base B1 consists of a butadiene
polymer. This butadiene polymer can optionally be copoly-
merized with other monomers, for example styrene, acryloni-
trile, (meth)acrylates or multifunctional monomers.

The rubber base B1 itself might be a core/shell polymer
with polymer core and shell showing different monomer
composition. Other preferred monomers for the rubber base
B1 are n-butylacrylate or silicones, alone or together with
other comonomers.

The shell B2 of graft copolymer B typically consists of
monomers which copolymerize yielding a polymer with a
glass transition temperature or more than +20° C., preferred
more than +60° C. Preferred monomers are e.g. styrene,
alpha-methylstyrene, (meth)acrylonitrile, methyl(meth)acry-
late, ethylacrylate, N-phenylmaleic imide and maleic anhy-
dride.

The grait copolymer component B often has a complex
structure and 1s 1n essence composed of a graft base and a
grait shell.

The graft base can by way of example be obtained via
reaction of from O to 10% by weight of styrene and from 90 to
100% by weight of butadiene, and also from 0.01 to 5% by
weight of ancillary components, the % by weight data being
based on the graft base.

The graift shell can e.g. be obtained via reaction of styrene
and acrylonitrile, and also from 0.01 to 5% by weight of
ancillary components (% by weight, based on the grait shell),
in the presence of the grait base.

The thermoplastic composition preferably comprises at
least one thermoplastic graft polymer B with from 20 to 80%
by weight rubber content. The molding composition can also
comprise two or more different grait polymers.

For preparation of the graft polymer 1t 1s preferable to use
peroxo-disulfate as an initiator, but aredox imitiator system, in
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particular comprising an organic peroxide, and also at least
one reducing agent can also by used. The organic peroxide
used preferably comprises a compound selected from the
group of di-tert-butyl peroxide, cumene hydroperoxide, tert-
butyl hydroperoxide, and p-menthane hydroperoxide, and
mixtures thereol. The reducing agent used generally com-
prises at least one water-soluble compound with reducing
action.

In one particular embodiment of the invention, preparation
of the graft copolymer B uses a redox initiator system com-
prising an organic peroxide selected from the group of
cumene hydroperoxide, p-menthane hydroperoxide, and
mixtures thereot, and also atleast one reducing agent selected
from the group of salts of sulfinic acid, salts of sulturous acid,
sodium dithionite, sodium sulfite, sodium hyposulfite,
sodium hydrogen-sulfite, ascorbic acid, and also salts thereof,
Rongalit C (sodium formaldehyde-sulfoxylate), mono- and
dihydroxyacetone, sugars, ferrous salts, stannous salts, and
titantum(III) salts.

It 1s preferable that an emulsion polymerization is carried
out for preparation of the grait base (B1) and uses potassium
peroxodisulfate as initiator.

Examples of suitable preparation processes for the graft
copolymers B are emulsion polymerization, solution poly-
merization, suspension polymerization, or bulk polymeriza-
tion, and the graft copolymers B here are preferably prepared
via aqueous free-radical emulsion polymerization. WO-A
2002/10222, DE-A 28 26 9235, and also 1n EP-A 022 200 inter
alia describe suitable polymerization processes.

By way of example, the grait base can be prepared via
free-radical-initiated aqueous emulsion polymerization, by
using a portion of the monomers 1 an aqueous reaction
medium as 1nitial charge and adding the remaining residual
amount of monomers, if appropriate, in the aqueous reaction
medium after mitiation of the free-radical polymerization
reaction. It 1s also possible to use at least a portion of the
free-radical polymernization initiator and, 1f appropriate, of
further auxiliaries 1n the aqueous reaction medium as 1nitial
charge, to bring the resultant aqueous reaction medium to
polymerization temperature, and at this temperature to add
the monomers to the aqueous reaction medium. This ntro-
duction can also take the form of a mixture, for example the
form of an aqueous monomer emulsion.

The reaction 1s mitiated via water-soluble or oil-soluble
free-radical polymerization initiators, e€.g. 1norganic or
organic peroxides (for example peroxodisulfate or benzoyl
peroxide), or with the aid of redox 1mitiator systems. It 1s
preferable that peroxodisuliate 1s used as initiator in prepara-
tion of the graft base. The amount of free-radical mitiator
used, based on the entire amount of monomer, 1s generally
from 0.01 to 3% by weight, preferably from 0.1 to 3% by
weight, and particularly preferably from 0.2 to 1.5% by
weilght.

The particle size distribution of the graft copolymers B can
be mono-, bi-, or polymodal. According to one particularly
preferred embodiment of the invention, the particle size dis-
tribution 1s bimodal.

The average particle sizes and particle size distributions
stated are the sizes determined from the cumulative weight
distribution. These and the further particle sizes stated for the
purposes of the present mvention are generally the weight-
average particle sizes determined by means of an analytical
ultracentrifuge by the method of W. Scholtan and H. Lange,
Kolloid.-Zeitschrift and Z.-Polymere 250 (1972), pages 782-
796.

The term graft copolymer includes a mixture of various
grait rubbers. By way of example, the emulsion of one or
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more further graft rubbers can be added to the aqueous reac-
tion mixture of a grait rubber. The mixture of these graift
rubbers can then be 1solated. It 1s particularly preferable to
1solate a grait rubber from its reaction mixture.

The Component C according to the mnvention:

Glass fibers according to the mvention are commercially
available glass fibers, e.g. the traditional A, E, C or S-Glass
fibers. Low or non-alkali containing fibers are preferred. The
typical lengths are 0.1-15 mm or endless glass rovings. Typi-
cal diameters of the glass fibers are 10-100 micrometer, pre-
terred 10-25 micrometer. Typically, these fibers contain
already a size, needed to improve adhesion to the polymer
matrix. Also sized fibers can be used according to the inven-
tion. The component C 1s often used 1n an amount of 5 to 50%
by weight, preferably from 10 to 40% and 1n a particular
embodiment from 20 to 35%.

The component D according to the invention:

As adhesion promoter, the polymer composition according
to the invention can contain polymers with functional groups,
such as epoxy, maleic anhydride or imide groups. Preferred
are polymers containing maleic anhydride monomer units 1n
an amount ol 1-30% by weight.

The component E according to the invention:

Optionally, as a further component according to the mven-
tion, a low molecular weight functional component with e.g.
epoxy-, maleic anhydride or maleic 1mide functions may be
added. Typical examples are styrene-maleic anhydride
copolymers, styrene-acrylonitrile-maleic anhydride copoly-
mers, N-Phenyl maleic imide—maleic anhydride copoly-
mers.

The components F according to the mvention:

Optionally, as a further component according to the mven-
tion, further polymers or additives can be added. Polymers
which might be added can be for example: polycarbonate,
PMMA, polyester, polyamide, polyolefins and/or thermo-
plastic polyurethanes.

Suitable polycarbonates and, respectively, polyester car-
bonates can for example be linear or branched. Branched
products are preferably obtained via incorporation of from
0.05 to 2.0 mol %, based on the entirety of the diphenols used,
of compounds whose functionality 1s three or more, €.g. those
having three or more phenolic OH groups. The polycarbon-
ates and polyester carbonates can comprise halogen bonded
to an aromatic system, preterably bromine and/or chlorine.
However, they are preferably halogen-iree. Their average
molecular weights (M, weight-average; determined, for
example, via ultracentrifuging or scattered light measure-

ment) are from 10 000 to 200 000, preferably from 20 000 to
80 000.

Suitable thermoplastic polyesters are preferably polyalky-
lene terephthalates, 1.e. reaction products composed of aro-
matic dicarboxylic acids or of their reactive derivatives (e.g.
dimethyl esters or anhydrides) and of aliphatic,
cycloaliphatic, or arylaliphatic diols, and mixtures of these
reaction products. Preferred polyalkylene terephthalates can
be prepared from terephthalic acids (or from their reactive
derivatives) and from aliphatic or cycloaliphatic diols having

from 2 to 10 carbon atoms, by known methods (see Kunstst-
off-Handbuch [Plastics Handbook], volume VIII. pp. 6935 et

seq., Carl Hanser Verlag, Munich 1973).

Suitable polyamides are known homopolyamides,
copolyamides, and mixtures of these polyamides. These can
be semicrystalline and/or amorphous polyamides. Semicrys-
talline polyamides that can be used are nylon-6, nylon-6,6,
and mixtures, and corresponding copolymers composed of
these components. It 1s also possible to use semicrystalline
polyamides whose acid component 1s composed entirely or to

10

15

20

25

30

35

40

45

50

55

60

65

8

some extent of terephthalic acid and/or 1sophthalic acid and/
or suberic acid and/or sebacic acid and/or azelaic acid and/or
adipic acid and/or cyclohexanedicarboxylic acid, and whose
diamine component 1s composed entirely or to some extent of
m- and/or p-xylylenediamine and/or hexamethylenediamine
and/or 2,2,4-tri-methylhexamethylenediamine and/or 2,2,4-
trimethylhexamethylenediamine and/or isophoronediamine,
and whose constitution 1s known. Mention may also be made
of polyamides which are prepared entirely or to some extent
from lactams having from 7 to 12 carbon atoms 1n the ring, 1f
appropriate with concomitant use ol one or more of the
abovementioned starting components.

Amorphous polyamides that can be used are known prod-
ucts which are obtained via polycondensation of diamines,
such as ethylenediamine, hexamethylenediamine, decameth-
ylenediamine, 2,2,4- and/or 2,4,4-trimethylhexamethylene-
diamine, m- and/or p-xylylenediamine, bis(4-aminocyclo-
hexyl)methane,  bis(4-aminocyclohexyl)propane,  3,3'-
dimethyl-4,4'-diaminodicyclohexylmethane,
3-aminomethyl,3,5,5-trimethylcyclohexylamine, 2,5- and/or
2,6-bis(aminomethylnorbornane, and/or 1,4-diaminometh-
ylcyclohexane, with dicarboxylic acids, such as oxalic acid,
adipic acid, azelaic acid, decanedicarboxylic acid, heptade-
canedicarboxylic acid, 2,2,4- and/or 2.4,4-trimethyladipic
acid, 1sophthalic acid, and terephthalic acid.

Other suitable copolymers are those obtained via polycon-
densation of a plurality of monomers, and also copolymers
prepared using addition of aminocarboxylic acids, such as
e-aminocaproic acid, m-aminoundecanoic acid, or m-amino-
lauric acid, or lactams thereof. Particularly suitable amor-
phous polyamides are the polyamides prepared from 1soph-
thalic acid, and from hexamethylenediamine and from further
diamines, such as 4,4'-diaminodicyclohexylmethane, 1so-
phoronediamine, 2,2,4- and/or 2,4.4-trimethylhexamethyl-
enediamine, 2,5- and/or 2,6-bis(aminomethyl )norbornene; or
from 1sophthalic acid, 4,4'-diaminodicyclohexylmethane,
and e-caprolactam; or from 1sophthalic acid, 3,3'-dimethyl-4,
4'-diaminodicyclohexylmethane and laurolactam; or from
terephthalic acid and from the 1somer mixture composed of
2,2,4- and/or 2,4,4-trimethylhexamethylenediamine.

If use 1s also made of at least one polymer selected from the
group of the polycarbonates, polyesters, polyester carbon-
ates, and polyamides, 1ts amount 1s up to 300 parts by weight,
preferably up to 400 parts by weight, and particularly prefer-
ably up to 300 parts by weight (based 1n each case on 100 parts
by weight of polymer matrix A+graft copolymer B).

However, 1t 1s also possible to use mixtures composed of
two or more of the polymers mentioned. The inventive ther-
moplastic molding compositions can comprise, based on the
ABS components, from 0 to 90% by weight, preferably from
0 to 50% by weight, particularly preferably from 0 to 20% by
weight, of the abovementioned polymers.

Typical additives can be lubricants such as mineral oil,
silicone o1l, phthalates, waxes, stearates, diamines (eg stearyl
bis ethylene diamine), organic or norganic fillers such as
titammum dioxide, calcium carbonate, talc, carbon, silicium
dioxide, UV stabilizers such as HALS (luindered amine light
stabilizers), triazines, absorbers, heat stabilizers such as hin-
dered phenols, Vitamin E, colorants, pigments, color batches
(e.g. carbon black 1n a polymer matrix), etc or further addi-
tives, typically used 1n polymers

Ancillary and processing additives that can be added to the
inventive ABS molding compositions comprise amounts of
from O to 10% by weight, preterably from 0 to 5% by weight,
in particular from 0 to 4% by weight, of various additives.
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Additives that can be used are any of these substances which
are usually used for the processing or modification of the
polymers.

Examples that may be mentioned are dyes, pigments, colo-
rants, antistatic agents, antioxidants, stabilizers for improv-
ing thermal stability, stabilizers for increasing lightfastness,
stabilizers for raising resistance to hydrolysis and to chemi-
cals, agents to counteract thermal decomposition, and 1n par-
ticular lubricants, these being advantageous for the produc-
tion ol moldings. These further additives can be metered 1nto
the material at any stage of the preparation or production
process, but preferably at an early juncture, 1n order to utilize
the stabilizing etfect (or other specific effects) of the additives
at an early stage. With respect to further conventional auxil-

1aries and additives, reference 1s made by way of example to
“Plastics Additives Handbook”, Ed. Gachter and Miiller, 4th

edition, Hanser Publ., Munich, 1996.

Examples of suitable pigments are titanium dioxide, phtha-
locyanines, ultramarine blue, 1ron oxides, or carbon black,
and also the entire class of organic pigments.

Examples of suitable colorants are any of the dyes that can
be used for the transparent, semitransparent, or nontranspar-
ent coloring of polymers, 1n particular those which are suit-
able for the coloring of styrene copolymers.

Examples of suitable flame retardants that can be used are
the compounds known to the person skilled in the art and
which comprise halogen or comprise phosphorus, other
examples being magnesium hydroxide, and also other famil-
1ar compounds, or a mixture of these.

Examples of suitable antioxidants are sterically hindered
mononuclear or polynuclear phenolic antioxidants, which
can have various types of substitution and can also have
bridging by way of substituents. Among these are not only
monomeric but also oligomeric compounds which can be
composed of a plurality of phenolic parent systems. Hydro-
quinones and hydroquinone-analogous, substituted com-
pounds can also be used, as also can antioxidants based on
tocopherols and on derivatives of these. It 1s also possible to
use a mixture of various antioxidants. In principle, 1t 1s pos-
sible to use any of the commercially available compounds or
compounds suitable for styrene co-polymers, e.g. Irganox.
The substances known as co-stabilizers, 1n particular co-sta-
bilizers comprising phosphorus or comprising sulfur, can be
used concomitantly together with the phenolic antioxidants
mentioned by way of example above. The person skilled in
the art 1s aware of these co-stabilizers comprising P or com-
prising S.

Examples of suitable light stabilizers are various substi-
tuted resorcinols, salicylates, benzotriazoles, and benzophe-
nones. Matting agents that can be used are not only inorganic
substances, such as talc, glass beads, or metal carbonates (e.g.
Mg(CO,, CaCQO,), but also polymer particles—in particular
spherical particles whose diameters d-, (weight-average) are
above 1 mm—based on, for example, methyl methacrylate,
styrene compounds, acrylonitrile, or a mixture of these. It 1s
also possible to use polymers which comprise copolymerized
acidic and/or basic monomers.

Examples of suitable antidrip agents are polytetratluoroet-
hylene (Teflon) polymers and ultrahigh-molecular-weight
polystyrene (molecular weight M above 2 000 000).

The mventive molding compositions can be prepared from
components A, B and C (and, 1f desired, from the further
polymers, the fillers and also from conventional additives), by
any ol the known methods. It 1s possible that the components
are blended via mixing in the melt, for example by extruding,
kneading, or rolling the components together. This 1s carried
out at temperatures 1n the range from e.g. 160 to 400° C.,

10

15

20

25

30

35

40

45

50

55

60

65

10

preferably from 180 to 280° C. In one preferred embodiment,
component (B) 1s 1solated to some extent or completely 1n
advance from the aqueous dispersion obtained during the
respective steps of preparation. By way of example, the graft
copolymers B can take the form of moist or dry crumb/
powder when mixed with pellets of the thermoplastic copoly-
mer matrix A in an extruder.

The invention also provides the use of the compositions
described for production of moldings, such as sheets or semi-
fimished products, foils, fibers, or else foams, and also the
corresponding moldings, such as sheets, semifinished prod-
ucts, foils, fibers, or foams. Processing can be carried out by
means of the known methods of thermoplastics processing,
and 1n particular production processes that can be used are
thermo-forming, extrusion, injection molding, calendering,
blow molding, compression molding, pressure sintering or
other types of sintering, preference being given to 1njection
molding.

The examples below are used for further 1llustration of the
ivention:

Example 1
General Preparation of Copolymer Matrix A

Various embodiments of copolymer matrix A can be pre-
pared via mass or solution polymerization, e.g. 1n an organic
solvent, such as toluene or ethylbenzene.

A process as described in general terms by way of example
in  Kunststoff-Handbuch [Plastics Handbook], Vieweg-
Daumiller, volume V, (Polystyrol) [Polystyrene], Carl-
Hanser-Verlag, Munich 1969, pages 122 et seq., lines 12 et
seq. can be used as the basis for operations here. It 1s also
possible to prepare a matrix in the form of a mixture of two (or
more) matrices.

la) In a specific example, the copolymer matrix (A-1) can
be prepared with viscosity V., of 80 ml/g, starting from 65%
by weight of styrene and 35% by weight of acrylonitrile at a
temperature of from 150 to 180° C. with a proportion of from
10 to 20% by weight of solvent, without use of an initiator.

1b) As an alternative, a copolymer matrix (A-2) can be
prepared, with viscosity V., of 80 ml/g, starting from 75% by
weilght of styrene and 25% by weight of acrylonitrile.

1c) A copolymer matrix (A-3) can be prepared, with vis-
cosity V., of 60 ml/g, starting from 75% by weight of styrene
and 25% by weight of acrylonitrile.

1d) A copolymer matrix (A-4) can be prepared, with vis-
cosity V. of 60 ml/g, starting from 81% by weight of styrene
and 19% by weight of acrylonitrile.

le) A copolymer matrix (A-5) can be prepared, with vis-
cosity V., of 60 ml/g, starting from 67% by weight of styrene
and 33% by weight of acrylonitrile.

Example 2

Preparation of Copolymer Matrix (A) with Glass
Fibers (C)

A mixture of 35% by weight of glass fibers (Producer:
Owens Corming, FT3574, chopped type 3.0 mm length) were
compounded with 65% by weight of the following polymer
matrixes:

A-1: S/AN 65/33,
A-2: S/AN 75/23,
F-1: Color batch: 35% carbon black and 65% Copolymer-

matrix A-2
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The compounding was performed on an extruder machine
(manufacturer: Berstorit ZE25 L/D=33D) at a temperature of
240° C. and 230 r.p.m. The polymer was extruded via dieplate
and the water chilled polymer strands were granulated.

The granulated polymer was 1njection molded with a com-

mon 1njection molding machine (LG ID 73EN) at 240° C.,

75MT clamp force, 60% 1njection speed, 55° C. mold tem-
perature to a 3.2 mm thick specimen used for stress/strain test
according to the norm ASTM D638 and to 3.2 mm thickness

specimen according to the norm ASTM D256.
To show the properties of the compositions the following

tests were performed:
Tensile strength (ASTM D-638)

Impact (ASTM D-256)

Visual evaluation (1: no GF visible, 10: very rough, matte

surface appearance, ISO306).

The test methods which furthermore can be used for char-
acterization of the thermo-plastic compositions are brietly
collated below:

a) Tensile Strength and tflexural modulus are determined at
a temperature of 23° C. according to the ASTM D-638
method.

b) Penetration (multiaxial toughness) [Nm]:

Penetration 1s determined to ISO 6603-2 on plaques (60x
60x2 mm, produced to ISO 294 1n a family mold at a melt
temperature of 240° C. and at a mold temperature of 50° C.).

¢) Flowability (MVR[ml/10']):

Flowability 1s determined to ISO 1133 B on a polymer melt
at 220° C. with a load of 10 kg.

d) Elasticity (modulus of elasticity [MPa]):

Elasticity 1s tested to ISO 527-2/1A/50 on test specimens
(produced to ISO 294 at a melt temperature of 250° C. and at
a mold temperature of 60° C.).

¢) Viscosity

Viscosity number (V) 1s determined to DIN 53726 on a
0.5% strength solution of the polymer in DMF.

) Visual evaluation (1: no GF visible, 10: very rough, matte
surface appearance)

Example 1

The components used in the following examples are as

follows:
Component A-1: S/AN 65/35 (VLP)

Component A-2: S/AN 75/25 (VL3)

Component C-1: Glass Fiber (Owens Corning FT584)
Component D-1: PMMA (LG IF 8708)

Component E-1: SAN-MA (BASF V12421)

Component F1: Color batch: 35% carbon black and 65%

S/AN 75/25
TABLE 1
Example O Example 1 Example 2
A-1 65
A-2 65 65
C-1 35 35 35
D-1
E-1 1
F-1 2.4 2.4 2.4
Tensile Yield 95 90 92
Visual evaluation 10 8 7
Example 3 Example 4 Example 5
A-1
A-2 65 65 65
C-1 35 35 35
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TABLE 1-continued
D-1 5
E-1 2 5
F-1 2.4 2.4 2.4
Tensile Yield 95 100 93
Visual evaluation 7 6 7

The examples according to the invention have a better
visual evaluation than the thermoplastic compositions of the
prior art.

Example 2

In a second experiment, the effect of adding S/AN/MA 1s
shown.

As base resins, commercial ABS grades (Terluran GP-22,
BASF AG, Germany, and Terluran GP-35, BASF AG) were
used, and mixed under compounding conditions with glass
fibers, SAN components and S/AN/MA.

The component A-3 contains 25% of AN.

TABLE 2

Test items Example 7 Example 8 Example 9 Example 10

Recipe:

Terluran GP-22
Terluran GP-35
Component A3
Component C1
Component E1
Tensile strength,
Kegf/em?
Flexural strength,
Kgf/em?
Flexural modulus,
Kgf/Cm?

Izod 1mpact,
Kgf. Cm/cm
MVI,

cc/10 mun.

VST,

deg. C.

HDT,

deg. C.

Density,

o/cm’

G contents,

%

80

20

950

1200

56000

4.5

105

102

1.1%

20

40

40
20

990

1380

57300

10

107

NA

1.19

20

40

37
20

1040

1580

36700

10

107

NA

1.19

20

80

20

810

1140

48200

10

101

NA

1.1%

20

Toray, GF-
reinforced ABS
with 20%
Example 12 Glass fiber

Test items Example 11

Recipe:

Terluran GP-22
Styroflex 2G66
Styrolux 3G55
Component C1
Tensile strength,
Kgf/em?

Flexural strength,
Kgf/em?

Flexural modulus,
Kgf/Cm?

[zod 1mpact,

Kgf. cm/cm
MVI,

cc/10 mun.

VST,

deg. C.

HDT,

deg. C.

20
920

1340

55900

10

105

NA

20
910

1350

56400

10

105

NA

100

1470

56000

NA

103
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TABLE 2-continued

1.19

Density, 1.19 1.19

o/cm’

GF contents,
%

20 20 20

Example 3

In the third experiment, the effect of the acrylonitrile con-

tent on the visual effect of a glass fiber reinforced SAN 1s
described:

TABLE 3
Exam- Exam- Exam- LExam- Exam- Exam-

ple ple ple ple ple ple

21 22 23 24 25 26
A-3 40 70 80 70 40
A-4 80 40 10
A-5 10 40
C-1 20 20 20 20 20 20
Total AN 19 22 24 25 26 29
content in
Matrix
Visual 10 9 7-8 7-8 7-8 9
Evaluation:

The matrix A-3 contains 25% of AN.
The matrix A-4 contains 19% of AN.
The matrix A-5 contains 33% of AN.

As 1t can be seen, very good visual evaluation 1s observed
for those glass-fiber reinforced thermoplastic compositions

which have a total acrylonitrile content in the matrix of 24 to
26% by weight.

The mvention claimed 1s:

1. A thermoplastic moulding composition comprising:

5-95% of a copolymer (A) comprising: 70-76% of viny-
laromatic monomer(s) (Al), 24-30% of vinyl cyanide
monomer component(s) (A2) and 0-50% of one or more
unsaturated copolymerizable monomers (A3);

0-60% of a graft rubber (B) comprising: 10-95% of a graft
rubber core (B1l) and 5-90% of a graft shell (B2),
wherein the graft rubber core (B1) comprises 80-100%
of rubber type monomers (B11) and 0-20% of double
unsaturated monomers (B12), and wherein the graft
shell (B2) comprises 75-85% of vinylaromatic mono-
mer(s) (B21), 15-25% of vinyl cyanide monomer com-
ponent(s) (B22), and 0-50% of one or more unsaturated

copolymerizable monomers (B23);

5-50% of glass fiber (C); and

0.01-10% of a copolymer (D) comprising 70-100% of
alkylmethacrylate monomer(s) (D1), 0-20% of alky-
lacrylate monomer(s) (D2), and 0-10% of another copo-
lymerizable monomer (D3).

2. The thermoplastic moulding composition of claim 1,
wherein the rubber type monomers (B11) are one or more
selected from the group consisting of butadiene, 1soprene,
butyl acrylate, and silicones.

3. The thermoplastic moulding composition of claim 2,
wherein the double unsaturated monomers (B12) are one or
more selected from the group consisting of divinylbenzene,
allyl(meth)acrylate, and multi-functional silicone.

4. The thermoplastic moulding composition of claim 3,
wherein the copolymer (A) comprises 72-76% of the viny-
laromatic monomer(s) (Al) and 24-28% of the vinyl cyanide
monomer component(s) (A2).
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5. The thermoplastic moulding composition of claim 1,
turther comprising 0-10% of a low molecular weight di-, tri-
or tetra-carboxyclic acid anhydride.

6. The thermoplastic moulding composition of claim 1,
wherein the glass fiber component (C) comprises glass fibers
having a diameter of 10 to 25 micrometer and a length of 0.1
to 15 mm.

7. The thermoplastic moulding composition of claim 3,
turther comprising an additional functional component (E) of
at least one low molecular compound containing one or more
of an epoxy group or a maleic-anhydride or maleic 1mide-
function.

8. The thermoplastic moulding composition of claim 3,
turther comprising one or more further components selected
from the group consisting of: dispersing agents, buller sub-
stances, molecular weight regulators, fillers, and additives.

9. The thermoplastic moulding composition of claim 3,
wherein the graft rubber (B) has from about 20 to about 80%
by weight rubber content.

10. The thermoplastic moulding composition of claim 3,
turther comprising one or more additional polymer compo-
nents (F) selected from the group consisting of polycarbon-
ates, PMMA, polyesters, polyamides, polyolefins and ther-
moplastic polyurethanes.

11. A process for preparing the thermoplastic moulding
composition comprising:

mixing a copolymer (A) and a glass fiber component (C),

wherein the copolymer (A) comprises 70-76% of viny-
laromatic monomer(s) (Al), 24-30% of vinyl cyanide
monomer component(s) (A2) and 0-50% of one or more
unsaturated copolymerizable monomers (A3); and
mixing i a copolymer (D) comprising 70-100% of alkyl-
methacrylate monomer(s) (D1), 0-20% of alkylacrylate
monomer(s) (D2), and 0-10% of another copolymeriz-
able monomer (D3) to the mixture of the thermoplastic
copolymer (A) and the glass fiber component (C).
12. A process for preparing the thermoplastic moulding
composition comprising:
mixing a copolymer (A) and a glass fiber component (C)
wherein the copolymer (A) comprises 70-76% of viny-
laromatic monomer(s) (Al), 24-30% of vinyl cyamde
monomer component(s) (A2) and 0-50% of one or more
unsaturated copolymerable monomers (A3); and

mixing in a graft rubber component (B) and a copolymer
(D) to the mixture of the copolymer (A) and the glass
fiber component (C),

wherein the grait rubber component (B) comprises 10-95%
of a grait rubber core (B1) and 5-90% of a grait shell
(B2), wherein the grait rubber core (Bl) comprises
80-100% of rubber type monomers (B11) and 0-20% of
double unsaturated monomers (B12), and wherein the
graft shell (B2) comprises 75-85% of vinylaromatic
monomer(s) (B21), 15-25% of vinyl cyanide monomer
component(s) (B22), and 0-50% of one or more unsat-
urated copolymerizable monomers (B23); and

wherein the copolymer (D) comprises 70-100% of alkyl-

methacrylate monomer(s) (D1), 0-20% of alkylacrylate
monomer(s) (D2), and 0-10% of another copolymeriz-
able monomer (D3).

13. The process of claim 11, further comprising preparing
the copolymer (A) via bulk polymerization, solution poly-
merization or emulsion polymernzation before mixing
copolymer (A) and the glass fiber component (C).

14. The process of claim 11, further comprising mixing in
a graft rubber component (B) to the mixture of the thermo-
plastic copolymer (A) and the glass fiber component (C).
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15. The process of claim 14, wherein the graft rubber
component (B) comprises 10-95% of a graft rubber core (B1)
and 5-90% of a grait shell (B2), wherein the graft rubber core
(B1) comprises 80-100% of rubber type monomers (B11) and
0-20% of double unsaturated monomers (B12), and wherein
the graft shell (B2) comprises 75-85% of vinylaromatic
monomer(s) (B21), 15-25% of vinyl cyanide monomer com-
ponent(s) (B22), and 0-50% of one or more unsaturated copo-
lymerizable monomers (B23).

16. The process of claim 14, further comprising preparing
a gralt rubber component (B) via emulsion polymerization

10
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before mixing in the graft rubber component (B) to the mix-
ture of the copolymer (A) and the glass fiber component (C).

17. The process of claim 12, wherein the copolymer (A) 1s
prepared via bulk polymerization, solution polymerization or
emulsion polymerization.

18. The process of claim 12, wherein the graft rubber
component (B) 1s prepared via emulsion polymerization.
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